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Abstract 
Quantification of the relation between passive iris deformation and pressure differences between the anterior and posterior 
chamber is necessary to diagnose primary angle closure glaucoma. We devised the animal experiment to simulate the total 
pupil-blocking. We accomplished the experiments using isolated rabbit irises without destroying orbicular structure. 2D 
image of the iris was screened when the pressure difference was changed. We computed 3D coordinates of rabbit iris 
based on stereo vision. The 3D data was used for plotting the curves to indicate the relation between passive iris 
deformation and pressure differences. Experimental results prove that the height of passive deformation of the iris was 
0.6mm when pressure difference was 600Pa. The passive iris deformation plays an important effect in primary angle 
closure glaucoma.  
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1. Introduction 
Primary angle-closure glaucoma is the familiar illness in Asia and blindness caused by glaucoma isn’t 
reversible [1]. Many scientific experimention and clinical investigations have been performed in order to 
research more methods on prevention and therapy PACG. 
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The biomechanical factors relating with PACG are the pupil-blocking force, the passive iris deformation, 
the biomechanical properties of iris tissue, the different pressures and so on. These factors lead to the 
intraocular pressure so exceptional that the optic nerve be harmed  [2]. 
Stereo vision methods and techniques are now widely used in measuring 3D coordinates. Our group of 
scientific research has designed an experimental system based on stereo vision, which is improved upon the 
primary device [3], to continuous monitor and measure the passive rabbit iris deformation without destroying 
orbicular structure of iris. The aim of the research is to obtain the relation between passive iris deformation 
and pressure differences. 
2. Materials 
We selected the rabbit’s iris as the experimental sample because of its low cost, similar structure and 
approximate characteristics with the human iris [4]. And we bought the albino rabbits weighting 2.5–3kg from 
the institute of experimental animal in CCMU according to experimental animal relevant laws. The sample of 
iris was prepared in the light of the method shown in literature 10 [5,6]. 
3. Method 
3.1. Methods of experimental system 
The experimental system, which makes up of a signal generator, a computer, two videos, two lens, a pupil-
blocking simulating device, a constant temperature trough, a container to collect liquid, a vacuum pump, a 
transfusion pump, a injector, a sensor and some tubes, can continuous monitor and quantificational measure 
the passive rabbit iris deformation in the course of pressure load. The experimental system was shown in 
Fig.1.  
 
Fig. 1. Experimental system. 1: Signal generator; 2: computer; 3: video; 4: iris sample; 5: pupil-blocking simulating device; 6: constant 
temperature trough; 7: container to collect liquid; 8: vacuum pump; 9: transfusion pump assembled injector; 10: sensor. 
400   Xuefeng Bo et al. /  IERI Procedia  4 ( 2013 )  398 – 402 
 
To simulate total pupil-blocking, the vacuum pump was used to adsorb the portion of iris near the pupil by 
30 small laser pinholes of the pupil-blocking simulating device shown in Fig.2 [7]. In the experiments, the 
container to collect liquid was used to collect liquid in order to protect the vacuum pump. 
 
Fig. 2. Pupil-blocking simulating device. 1: exterior brim; 2: artificial lens; 3: laser-hole. 
The pressure differences were generated through pushing the transfusion pump assembled 10mL injector in 
Fig. 1. We jointed the transfusion pump, the pupil-blocking simulating device and the sensor. The sensor 
displays the real-time pressure difference between the pressure on the iris’s inner surface and the atmospheric 
pressure. While recording continuous pressure difference, the images of passive rabbit iris deformation during 
loading process were memorized by two videos and StreamPix software. 
3.2.  Methods of data analysis 
We computed 3D data of rabbit iris based on binocular stereovision [8]. HALCON 9.0 and a calibration 
plate (0.01m*0.01m) were used for calibration. And we obtained 2D images of iris from two different points 
of view [9].  
In order to make the stereo-matching process fast and reliable, the stereo images are rectified in HALCON. 
The pairs of points lie on the same row in two rectified images [10]. We computed the 3D coordinate of points 
after we obtain large numbers of stereo matched pairs. 
Least-squares method was used for polynomial curve fitting with x and z coordinates of points to obtain 
the curve of passive iris deformation, which indicated the relation between passive iris deformation and 
pressure differences.  
4. Result 
In the experiments, we set 10Hz as the output of the signal generator, i.e., the frequency of obtaining 
images is 10 frames per second. When the iris was horizontally spread, we start to load pressure. A durative 
increase from 0 to 600Pa in the pressure difference (ǻP), which simulates pressure difference, is achieved by 
setting 2mL per minute as the speed of the transfusion pump. In Fig.3 the original iris images of a stereo pair 
are shown when the pressure difference is 500Pa.  
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Fig. 3. Left and right original images of passive iris deformation 
We computed 3D coordinates of the characteristic points in iris images based on stereo vision, for example, 
polynomial curve fitted the curve of passive iris deformation using least-squares method when pressure 
differences were 100Pa, 200Pa, 300Pa, 400Pa, 500Pa and 600Pa. In Fig.4, the intersectional point of 
coordinate axes denotes the sclerotic portion of the iris. 
y100Pa = -0.3180 x2+0.6181x+0.0711 
y200Pa = -0.4179 x2+0.8349x+0.0614 
y300Pa = -0.4589 x2+0.9208x+0.0651 
y400Pa = -0.4915 x2+0.9838x+0.0678 
y500Pa = -0.5048 x2+1.0273x+0.0575 
y600Pa = -0.5352 x2+1.0798x+0.0723 
 
Fig. 4. The curve of passive iris deformation. 
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5. Conclusion and Discussion 
We accomplished continuous measurements of the passive rabbit iris deformation. In our experiment, the 
height of passive deformation of the iris was 0.6mm when pressure difference was 600Pa. The higher is 
height of passive iris deformation the smaller is angle of anterior chamber. The passive iris deformation is 
important to angle closure glaucoma. 
Moreover, we can reconstruct a finite element model of iris, which is based on the geometrical 3D-model, 
to compute biomechanical properties of iris. This research is hopeful about offering a reference for clinical 
prevention and treatment on angle-closure glaucoma before the eyeshot is damaged.  
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